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THE occurrence of thrombosis in the great arteries of the
limbs in consequence of gunshot injury to the vessels, short of

"actual perforating lesions, is comparatively frequent. These

injuries not uncommonly progress favourably, and although
,arterial thrombosis is as a rule followed by an identical sub-
sequent lowering of the general nutrition of the limb to that
seen after obliteration of the lumen of a great vessel by
ligature, yet a useful limb is the common permanent result.
Experience, moreover, has abundantly proved that the

deposition of arterial thrombi may be entirely independent
of septic infection, and that emboli as free from infection
as those arising from the detachment of clot from the
interior of an aneurysmal sac are not infrequent. When a
thrombosed vessel lies exposed in an infected wound the
consequences may be less favourable, as the thrombus is then
apt to disintegrate, and either septic emboli may be set free
or secondary haemorrhage may occur when the weakened
damaged arterial wall becomes exposed to the full force
of the blood pressure.
The group of cases which forms the subject matter of

this paper consists of a series of injuries to the great vessels
of the neck. They illustrate the whole subject and offer
special interest from the fact that embolic obstruction of
even minor cerebral vessels may produce more serious
effects and is more readily recognised than the blocking of
vessels supplying small areas of the limb where arterial
anastomosis is freer and where degeneration of the tissues
concerned is less important in its effects.

Signs of cerebral disturbance, apart from those of simple
cerebral anaemia, secondary to injuries to the great vessels of
the neck, either due to accidental wounds or the result of
operative procedure, are occasionally met with in civil

practice, and difficulty has arisen in explaining them. The

opportunity afforded by military practice for observation of
numerous cervical wounds of a contused character has
shown this complication to be more common than has been
previously recognised, and has afforded occasion for the
elucidation of its nature.
The cases shortly dealt with below are of considerable prac-

tical interest both from the unfavourable prognostic course
observed and also the complicated nature of the symptoms
liable to be met with. The present communication is founded
on the clinical history of 14 cases, and I must at once

express my gratitude and indebtedness to my colleague,
Lieutenant-Colonel Gordon Holmes, for his kindness in

examining at my request the larger number of the patients
and furnishing me with authoritative neurological details of
their condition.

NATURE OF THE INJURY TO THE VESSELS.

Although chief interest lies in instances in which embolism
follows a non-perforating lesion of the vessels, yet it has
seemed advisable to include in this communication certain
cases in which a perforating injury was known to exist,
because the symptoms and clinical history are identical in
either class, and in the latter no reasonable doubt can be
entertained as to the origin of the embolus and its causal
importance in the production of the cerebral symptoms.
The presence of a definite perforating wound of the

artery has been assumed from the existence of obvious
signs. Thus, a systolic arterial bruit, an arterio-venous
murmur and purring thrill, the detection of a pulsating
swelling in the course of the vessel, or the occurrence of
secondary haemorrhage demanding surgical intervention.
In one instance also the locality of the injury and the

probability of an obliterated opening was indicated by a
small circumscribed induration in the course of the vessel.

A non-penetrating injury has been assumed when none
of the above signs could be detected, while diminution
or abolition of the carotid or superficial temporal pulses
has been regarded as evidence of obstruction or complete
obliteration of the arterial lumen.

It may be observed in relation to the latter signs that
obliteration or considerable diminution of the distal pulse,
although a corroborative factor, is by no means a

necessary sign for the diagnosis of the formation of an
arterial thrombus. As I have already pointed out in a

previous communication on the vascular injuries due to gun-
shot wounds, a lateral lesion consisting essentially in a
rupture of the intima may be followed by the formation of
a lateral mural thrombus deposited at the injured area.
Such thrombi projecting into the lumen of the vessel may
gradually grow and completely obstruct the vessel or may
become detached and give origin to an embolus. A limited
lesion is indeed probably a more serious source of danger
than a more extensive damage leading to the rapid formation
of a completely occluding thrombus, since the latter

possesses a firmer attachment to the whole circumference of
the vessel, and consequently greater ability to resist the

detaching force of the arterial blood pressure. It may further
be noted that the blood pressure in such cases is often
a rising one as the shock of the injury is passing off.

Limited injuries are, in fact, the most prolific source of
oigin of the class of case to which this article is mainly
devoted. The probability of an arterial lesion may also be
strengthened by observation of the course of the wound
track where both apertures of entry and exit are present, or
by localisation of a retained missile by examination with
the X rays. In other cases the co-existence of signs of
injury to closely contiguous structures may be of aid in

making a diagnosis. In this last particular signs of injury
to the cervical sympathetic chain take a prominent place.
These signs were present in 5 out of the 14 cases dealt with,
and in each instance the missile had probably passed behind
the vessels, a course favourable to the escape of the artery
with a contusion only, since it might be lifted and would not
be exposed to the danger of being caught between the missile
and the resistant vertebral column.

CLINICAL HISTORY.

Before passing to a short account of the illustrative
cases some general remarks on the clinical course may be

premited.
One matter of primary importance, determination of the

period which elapsed between reception of the injury and
the onset of signs of the cerebral lesion, has proved of
considerable difficulty from a variety of reasons. The

patient has often been rendered more or less unconscious
at the moment of the accident, and he may remain in this
condition even at the time of admission to a general
hospital. He is often aphasic or may have received con-
current injuries which have obscured the onset of paralytic
symptoms. Lastly, the origin of the symptoms has not, as
far as I know, been recognised by the medical officers
serving in the front lines, and even if this has been the
case a continuous record from the various officers under
whose charge the patient may have come during the process
of transference to the base is rarely to be obtained.
The actual rapidity with which a clot may be formed and

provide a thrombus which would furnish an embolus capable
of producing more or less extensive obstruction in the
cerebral circulation is naturally mainly a matter of surmise.

Reasoning, however, from analogy, the rapidity with which
a clot capable of causing cessation of haemorrhage from a
ruptured or divided attery in the limbs allows us to conclude
with some confidence that a period of a few minutes would
suffice. Hence very early development of symptoms need
not be any occasion for surprise.
Of the instances recorded in the table in which definite

information could be elicited, in one (Case 12) the sym-
ptoms were said to be immediate ; in a second (Case 9)
power was lost one hour after reception of the wound ; in
a third (Case 4) the patient did not lose consciousness, and
walked a mile after being struck, becoming aphasic and
deprived of power in his right arm at the end of 12 hours ;
in a fourth (Case 10) paralysis came on 24 hours after the
left common carotid artery had been occluded by ligature ;

1 Brit. Journ. of Surg., vol. iii., No. 11, 1916, p. 356.
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in a fifth and sixth (Cases 5 and 11) the paralysis supervened
three days after the injury to the neck ; and in a seventh
(Case 13) the embolus was detached from an aneurysmal sac
four days after the right common carotid artery had been
occluded by a proximal ligature. The remainder of the
patients were either unconscious or completely aphasic at the
time of admission to the hospital and no information could be
gained from them.
A remark has already been made regarding the importance

of the position and direction of the wound track, and the
corroborative evidence of its contiguity to the vessels offered
by the existence of signs resulting from damage to the
cervical sympathetic nerves. These latter, narrowing of the
pupil, sinking of the eyeball, together with narrowing of
the palpebral fissure, and interference with the function of
the sweat glands, were a prominent feature in no less than
5 of the 14 cases under consideration.

In Case 2 an area of induration in the course of the
vessel indicated the locality of the damage; in Cases 7, 8,
and 14 the presence of a systolic bruit definitely determined
the existence of a perforating wound of the arterial wall ;
while in Cases 8 and 13 an aneurysmal sac, in one instance
Case 1, of an arterio-venous nature, was obvious.
Examination of the distal circulation for evidence of

arterial obstruction revealed no palpable change in 6 cases
(Cases 1, 5, 6, 7, 10, and 11), diminution in strength of the
temporal pulse in 2 (Cases 2 and 4), complete abolition of the
temporal pulse in 5 (Cases 3, 8, 9, 12, and 14), and absence
of pulsation in the external carotid in 1 (Case 3).
The nature and extent of the cerebral symptoms are best

followed by reference to the notes below, for which I am
indebted to the kind aid of Lieutenant-Colonel Gordon
Holmes, but a word may be added as to the diagnostic
difficulty which may arise in the interpretation of these
cases. This difficulty, as in all gunshot wounds of war,
depends either on a multiplicity in the injuries received, or
on the fact that the same track may involve a series of
elements of the nervous system-e.g., brain, spinal cord,
peripheral nerves, or the sympathetic system. Thus in this
series, in one instance a scalp wound on the paralysed side
of the body appeared to be accompanied by a contre-coup
surface injury to the brain, giving rise to rigidity of the
opposite arm (Case 5) ; in another (Case 7) the patient had
been trephined with negative result in consequence of the
existence of a scalp wound which gave rise to the suspicion
of a fracture of the skull with depression of fragments of
the internal table ; and in a third (Case 6) a brachial
monoplegia of cerebral origin was complicated by paraplegia
dependent on an injury to the spinal cord accompanying a
fracture of the posterior arches of the dorsal vertebras pro-
duced by the same bullet, which had entered by the neck.
In Case 12 a peripheral facial palsy was present on the same
side of the injury, and direct injury to the temporal artery
had obliterated its normal pulsation.

Brief details of the whole number of cases are set out in
the table, but in order to afford a better account of the
condition of the nervous system the following concise
histories of five of the patients are added.

CASE 4. No?z-_penetratiig lesion of the left cOJnmon carotid
artery.-The patient was admitted into No. 1 Canadian
General Hospital under the care of Lieutenant-Colonel
Finley on Dec. 12th, 1915, having probably been wounded
a day or two earlier. He thinks the bullet entered by his
mouth, and this statement is supported by the presence
of scarring of the lip and fractures of the left premolar
and incisor teeth. The wound of exit is situated 2 inches
to the left of the fifth and sixth cervical spinous processes.
Consciousness was not lost at the time of the accident, and the
man walked a mile to a first-aid post with full power over
his limbs. Twelve hours later, during the night, he suddenly
lost power in the right upper and lower extremities, and his
speech became affected. No fit occurred.
When admitted to hospital there was complete flaccid

palsy of the right upper extremity, the left lower extremity
could only be moved slightly, and aphasia was complete.
During the succeeding fortnight some improvement took
place, and the condition on Dec. 21st was as follows :-

" The wound of exit is healed ; there is slight fullness over
the left carotid artery, but no abnormal pulsation, thrill, or
murmur. Pulsation in the temporal vessels is equal. There
is some difficulty of speech, but the patient answers ques-
tions rationally. Pupils, both circular and react to light,
but the left is much smaller and ? no dilatation to
shade and no skin sympathetic reflex. The left eye is
sanken and the palpebral fissure narrowed. Both sides of

the face are equally dry. There is considerable weakness of
the right facial muscles, and the tongue is protruded to the
right. Motor system :-Upper extremity somewhat wastedr
especially distally; all movements are possible but much
weaker than on the left side, distally proportionately more
so. Slight rigidity of shoulder and elbow. No ataxia. Lower
extremity, all movements possible but weaker than left. No-
rigidity. Reflexes :-Arm-jerks : R. ---- ; L. normal. Knee-
jerks : R. + + ; L. normal. Ankle-jerks: R. + + ; L. normal.
Right ankle-clonus. Abdominal reflex : R. - ; L. +. Plantar
reflex: R. extensor; L. flexor. Sensation :-Touch un-

affected. Pain unaffected. Position: R. diminished. Form
lost. Diagnosis : Cortical embolism."
CASE 5. Non peaaetratan injury of the right common carotid’

artery.-The patient was admitted into No. 1 Canadian
General Hospital under the care of Lieutenant-Colonel
Finley. He had been wounded probably on Dec. 18th. A
superficial glancing wound of the scalp was present in the
left occipital region with no apparent injury to the bone-
(X rays), also a small irregular wound at the middle of the
posterior border of the right sterno-mastoid muscle. Tem-
poral pulses equal. Nothing abnormal palpable in course
of carotid. Three days after infliction of the injuries left
hemiplegia suddenly occurred. No fit. On Dec. 20th the
man became incontinent and the left limbs spastic; also
some rigidity of the right arm was noted. On Jan. 21st, 1916,.
the condition was as follows :--
"The patient is dull and stupid, also incontinent. He

complains of sharp pains in the left leg. Pupils: R.
smaller than L.; the right eye is not sunken, but the
palpebral fissure is smaller than the left. The right side
of the face is less greasy than the left. Much weakness.
of left facial muscles. Tongue protruded slightly to the
left. Motor system :-Left upper extremity powerless and
somewhat rigid. Joint changes have developed. Left
lower extremity rigid; the only movement that can be
made is slight extension of the limb as a whole. Right
lower extremity normal. Reflexes :-Arm-jerk : L. -1--1-.
Knee-jerk: R. normal; L. ++. Ankle-jerk: R. normal;
L. ++. Abdominal: R. +; L. absent. Plantar: R. flexor;
L. extensor. Sensation :-Touch : Definite loss on whole left
side. Pinch: Sharper and sorer on left side. Position:
General loss on left side. The application of cold, pinching
and scraping causes more pain and a greater reaction on the
left than the right side. Diagnosis :-Embolism deep in
the right hemisphere involving the internal capsule and
the lateral aspect of the optic thalamus (thalamic
syndrome)." "
No improvement occurred before transference to England

two weeks later.

CASE 7. Penetrating wound of the left common carotid artery-
-The patient was admitted into No. 1 Canadian General
Hospital under the care of Lieutenant-Colonel Gunn about
June 8th. He had been wounded on May 21st, 1916, and
had been subsequently trephined with a negative result. A
gutter wound was present in the scalp just above the left
pinna, also an irregular entry wound in the left side
of the neck in the superior carotid triangle at the
level of the upper margin of the thyroid cartilage, and an
exit wound at the posterior border of the left sterno-
mastoid muscle at about the same level. Both wounds.
were caused by fragments of a bomb. On June 9th the
patient was still completely hemiplegic and aphasic. He
emitted some articulate sounds, but could answer no

questions and no previous history was obtainable. The
wounds in the neck were still unhealed; forcible pulsation
was noted over the carotid, but no palpable tumour. The
temporal pulses were equal. On auscultation a soft systolic
bruit was audible over the carotid in the line of the wounds.
The heart was of normal size and no murmur was audible.
On June 15th a severe secondary haemorrhage occurred and
the common carotid artery was ligatured by Lieutenant-
Colonel Hutchinson. An extensive laceration of the vessel
was discovered in the upper third of its course. The

operation was followed by an immediate slight improvement
in the paralytic symptoms, the next day some words could
be spoken, and eight days later some movements of the leg
could be made. The patient was shortly afterwards trans-
ferered to England still improving.
CASE 9. Non-perforating injury to left common carotid

artery.-The patient was admitted into the St. John Ambu-
lance Brigade Hospital under the care of Major Maynard
Smith in January, 1916. He was wounded on Jan. 4th by
a rifle-bullet which entered the left side of the neck opposite
the centre of the anterior border of the sterno-mastoid
muscle, and passing obliquely transversely emerged just in
front of the right angle of the mandible. The man was not
rendered unconscious, and one hour later he lost power in
his right arm, and experienced for two days much difficulty
in speaking: " Couldn’t say what he wanted to." His lower
extremities were never affected. Steady improvement took
place, and a week later (June llth) speech was almost normal,
the wounds were practically healed, no abnormal pulsation
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was palpable over the carotid, no bruit was audible, and the
temporal pulses were equal. The following note was made :-
" Motor system :-Right upper extremity : No rigidity; all

movements of the shoulder and elbow are possible, but i
weaker than those of the other limb. Extension of the wrist
can be made occasionally but the effort often fails, flexion of
the wrist is not obtainable, and no movements of the fingers
can be made. The lower extremities are normal. Reflexes:-
Arm-jerk : R. +; L. -. Knee- and ankle-jerks normal.
Abdominal: Right less than left. Plantar: Flexor. Sensa-
tion :-Touch and pin-prick unaffected. Position and form
lowered as to right hand. Diagnosis:&mdash;Smi.11 cortical
embolism."
CASE 12. Noie-perforcztint injury to right internal carotid

artery.-The patient was admitted into No. 20 General
Hospital under the care of Captain Burrows in July,
1916. He was wounded on July 27th by a small piece of
shell-casing from a shell that burst close beside him. He
fell at once, and has no definite memory of what immediately
followed, but he was probably rendered unconscious. He
says he was able to get up in about ten minutes’ time, but
was unable to walk in consequence of weakness of his left
lower extremity ; the left upper he only discovered to be
weak after he reached the hospital on a stretcher. The
wound consisted in a gaping slit about an inch long just
anterior to the right tragus. X ray examination showed the
piece of shell behind the pharynx on the front of the body cf
the second cervical vertebra, where it was also palpable. The
condition on August 4th was as follows :-
" The man is quite intelligent, but has slight difficulty in

articulation due to facial paresis. The right temporal artery
cannot be felt to pulsate. The pupils are equal and react
normally. There is incomplete right peripheral facial
palsy, and slight but definite paresis of the upper neurone
type upon the left side. The tongue is protruded to the
left, and the left side lies higher in the mouth. Motor
system :-The right upper extremity is normal, the left
flaccid and toneless. There is slight power of flexion in the
fingers, but no power of extension, nor of adduction or

abduction. Flexion and extension of the wrist are very
feeble and limited in range. The shoulder and elbow move-
ments are stronger. In forced inspiration the right side of
the chest moves better than the left. The right lower
extremity is normal; the tone of the muscles of the left is
fair, and all movements are possible, especially the more
distal, but they are weaker than those of the right limb.
Reflexes :-Arm-jerks: R. normal ; L. feeble. Knee-jerks:
Equal and brisk. Ankle-jerks: Equal and brisk. Abdo-
minal : R. brisk; L. almost absent. Plantar: R. flexor;
L. extensor. Sensation :-Considerable alteration in the
sense of touch, but no complete loss, is present in the left
side of the head and trunk and the left upper extremity.
Contact produces tingling. Localisation, sense of form, and
position are all very defective in the left upper extremity."
Of the above five cases four are of the class in which no

perforating injury was considered to be present, but they
offered no differences in history or character of the

symptoms from those in which either an arterial bruit, an
aneurysmal sac, or the occurence of secondary haemorrhage
indicated the presence of an opening in the wall of the vessel,
and hence the conditions for the formation of a thrombus to
be still more favourable. Among the whole 14 cases, in six a
wound was concluded to be present, in the large majority
the missile was a fragment of shell, and in nine instances the
missile was retained. In two of the cases the paralytic
signs followed the application of a ligature to the common
carotid artery, appearing on the second and fourth days
respectively.

DIAGNOSIS.

The striking difference noted between the history of the
development of the cerebral symptoms in these cases and
that noted in those dependent on sudden cerebral ansemia
following the application of a ligature to the common carotid
artery needs only to be noted. Examples of the latter
accident have been far from uncommon during the present
war, when primary or secondary haemorrhage has neces-

sitated occlusion of the vessel. Hemiplegia has been prompt
and complete, and in more than one instance followed by a
fatal issue in the course of 24 to 36 hours. In the cases of
embolism, on the other hand, the more tardy development
and partial nature of the paresis has been the outstanding
feature. The difficulties attendant upon the presence of
coexistent signs of remote nervous injuries are sufficiently
set out in the above description.

PROGNOSIS AND TREA7 DIENT.

Opportunity has only existed for clinical observation of
the patients concerned for a very limited period. Only
one of the patients included in the table died, and on him

unfortunately no post-mortem examination was made. Of
the remainder, one was sent home practically recovered from
an incomplete right brachial monoplegia and aphasia, while
slight improvement had occurred in some of the others. The
general impression, however, was not a favourable one. As
to treatment, rest is the only resort ; it may, however, be
remarked as an important fact in support of the diagnosis
(in favour of embolism as opposed to cerebral softening from
anaemia) that in the two cases in which subsequent com-
plications necessitated ligature of the common carotid artery
neither patient suffered any increase in symptoms; in fact,
in one (Case 7) the man’s condition improved at once and
considerably, and in the second (Case 8) steady improvement
followed.

I should, in conclusion, express my thanks to Captain
L. W. Shelley for his aid in the collection and arrangement
of the notes of the cases dealt with.

NOTES ON THE AGGLUTINATION RE-
ACTIONS WITH OXFORD STANDARD

AGGLUTINABLE CULTURES
IN A SERIES OF PATIENTS, INCLUDING THOSE EXAMINED

IN A RECENT CIVILIAN OUTBREAK.

BY R. DONALDSON, M A., M.B., F.R.C.S. EDIN., D.P.H.,
BACTERIOLOGICAL SPECIALIST, WAR HOSPITALS, READING ;

PATHOLOGIST, ROYAL BERKS HOSPITAL, READING;

AND

BARBARA CLARK, B.SC.,
ASSISTANT, WAR HOSPITALS LABORATORY, READING.

(Report to Medical Research Committee.)

THE following analysis is based on a series of 275 cases,
of whom 184 were soldiers ill or convalescent from over-
seas, 53 were civilians buffering from " enteric " during the
recent outbreak in Reading, and 38 were civilians ill from
causes other than enteric." " The sera of these cases were
examined once or oftener at the request of the medical men
in charge of the cases, while for permission to examine the
sera of the non-enteric civilians we are indebted to Lieu-
tenant-Colonel Freeman, R.A.M.C.(T.), and Major Abram,
R.A.M.C. (T.). The examinations were part of the routine
work carried out in the laboratories of the civil and military
hospitals, and were not specially selected.

AggZldination teeJarcyce.-At the outset a small number of
sera were examined strictly in accordance with the in’struc-
tions laid down in the "Directions" issued from the
Standards Laboratory, Oxford, at the instance of the
Medical Research Committee. As we found a difficulty in
dealing with many sera at one time with the small number
of "outfits" supplied, and as some of these agglutination
tubes did not hold the amount of fluid necessary for the test,
we discontinued their use.

In their stead we employed accurately graduated pipettes
to deliver known volumes of serum, saline, and bacillary
suspension. The standard agglutinable cultures issued from
the Oxford laboratory were used exclusively, the volume of
standard suspension added to each tube being 1 c.c. With
this were mixed serum and saline in such proportions that
when the three constituents had been added the resulting
serum dilutions were 1 in 27, 1 in 54, 1 in 120, and 1 in 150
in the first four tubes respectively.
The tubes were placed in a water-bath for two hours at

50&deg; C., but instead of reading the result at the end of
15 minutes after their two-hours’ heating we left them on
the bench till the following morning. Where many sera had
to be done we found it most convenient to use for heating
purposes Hearson’s water-bath, as supplied by them for
Wassermann purposes. In place of their rack we had another
one of the same size made, but constructed to hold 225
agglutination tubes at once.
The readings were all carried out by the same observer, and

to facilitate accurate reading we always used the same source
of light. This was an electric-light bulb let in through a slit
in the top of an ordinary soap-box whose interior had been
painted black. Against this background the readings were
made, and to detect the end-point we used a pocket lens.
The sera we: e always put up in the first isnstance in the

four dilutions named above against standard suspensions of


